The effects of soaking seedlings of four abscisic acid (ABA) concentrations (0, 1, 5, 10, and 20 μmol/L) on the growth and cadmium (Cd) accumulation of pea seedlings were studied by the pot experiment. The results showed that, compared with the control, the roots, stems, leaves, and shoots biomasses of pea seedlings were increased by soaking with ABA. Compared with the control, the water content in the roots, stems and shoots of pea seedlings was increased, and the concentration of 5 μmol/L ABA was the best. The contents of Cd in various parts of pea seedlings treated with 5, 10, and 20 μmol/L ABA all decreased. With the increase of ABA concentration, the Cd content of pea seedlings gradually decreased. Therefore, a certain concentration of ABA soaking treatment can improve the growth of pea stress pea seedlings and reduce the accumulation of Cd.
Introduction
In recent years, with the development of industry, soil heavy metal pollution has become increasingly serious [1] . Cadmium (Cd) is a non-essential trace element in plants and has a strong poisoning effect on plants. The phytohormone abscisic acid (ABA), as an important hormone for plants to respond to stress, plays an important regulatory role in plant growth and development [2] . ABA can reduce the transport capacity of Cd to shoots parts of non-heading Chinese cabbage (Brassica campestrisssp. chinensis L.) and reduce the shoots Cd content of non-heading Chinese cabbage [3] . Exogenous ABA can effectively reduce the Cd content in rice may be due to ABA can reduce the transport of Cd by reducing the transpiration rate of plants [4] . Vegetables are one of the indispensable foods in life, and the accumulation of heavy metals in vegetables can endanger human health and life safety through the food chain [5] . Pea is a leguminous vegetable plant that has high nutritional value and anti-cancer and anti-cancer effects. It is widely cultivated throughout the country [6] . However, Cd pollution in vegetable fields in recent years directly affects the safe production of peas [7] [8] . Therefore, this experiment used ABA to soak seeds to study its effect on the growth and accumulation of pea seedlings, in order to screen out the concentration of ABA which can reduce the accumulation of pea seedlings and enhance the seedling production efficiency, and provide reference for safe production of peas.
Tumble the soil to make it evenly mixed. Pea seeds were soaked in 5 concentrations (0, 1, 5, 10, and 20 μmol/L) of ABA for 24 hours, and each treatment was repeated three times. The pea seeds were planted in PVC pots that had been filled with soil and 8 pots were planted in each pot. The planting depth was shallow. Keep moist, place in the culture room, keep the temperature of the culture room around 24°C. After emergence, the PVC pots were moved to shelters in the shelters. Each pot kept 5 seedlings with consistent growth, and watered in time to keep the soil moist. After 40 d cultivation, pea seedlings were harvested and biomass and moisture content were measured using conventional methods. The roots and shoots were then collected, washed clean with tap water, and rinsed three times with deionized water before being dried and ground separately. Samples were fixed at 110℃ for 15 min and dried at 75℃ to a constant weight before being crushed and sieved through a 100-mesh screen for further analysis. The Cd content of roots and shoots was determined using an iCAP 6300 inductively coupled plasma spectrometer [9] .
Statistical Analyses. Statistical analyses were performed using SPSS 13.0 statistical software (IBM, Chicago, IL, USA). Data were analyzed by one-way analysis of variance with Duncan's multiple range test.
Results and Discussion
Effects of ABA Treatments with Different Concentrations on the Biomass of Pea Seedlings. As shown in Table 1 , compared with the control, after soaking with ABA, the root and shoots biomass and root volume of pea seedlings all significantly (p < 0.05) increased. The fresh weight of roots, stems, leaves and shoots and root volume increased at first and then decreased with the increase of ABA concentration, and reached the maximum at ABA concentration of 5 μmol/L, which was higher than that of their respective controls. It increased by 27.50% (p < 0.05), 22.18% (p < 0.05), 15.36% (p < 0.05), 15.99% (p < 0.05), and 32.07% (p < 0.05). Thus, soaking seeds with ABA could increase the fresh weight and root volume of pea seedlings, and the effect of ABA concentration was 5 μmol/L. Values are means ± standard errors. Means with the same letter within each column are not significantly different at p < 0.05.
Effects of ABA Treatments with Different Concentrations on Water Content of Pea Seedlings.
After soaking with different concentrations of ABA, the water contents in roots, stems and shoots of pea seedlings improved compared with the control (Table 2) . Compared with the control, there was no significant difference in leaf water content of pea seedlings soaking with ABA (p < 0.05). The water content of roots, stems and shoots reached the maximum when the concentration of ABA was 5 μmol/L, which was 1.22% (p < 0.05), 1.73% (p < 0.05) and 0.77% (p < 0.05) higher than that of their respective controls. Therefore, soaking seeds with ABA could improve the water content of all parts of pea seedlings, and the ABA concentration of 5 μmol/L was the best. Values are means ± standard errors. Means with the same letter within each column are not significantly different at p < 0.05. Values are means ± standard errors. Means with the same letter within each column are not significantly different at p < 0.05.
Effects of ABA Treatments with Different Concentrations on

Conclusions
After soaking with different concentrations of ABA, the biomass and root volume of roots, stems, leaves, and shoots of pea seedlings under Cd stress increased. The water content of the roots, stems and shoots of pea seedlings was increased compared to the control, and the effect was best when the concentration of ABA reached 5 μmol/L. The higher concentration of ABA soaking treatment can reduce the Cd content of pea seedlings. Therefore, a certain concentration of ABA soaking treatment can improve and improve the growth of pea stress pea seedlings, reduce the accumulation of Cd.
